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Abstract 
Functional improvements and cost reductions are requested in products’ improvement design during its maturity stage from 
competitions in markets. Many engineers face several difficulties in satisfying both these expectations simultaneously. We propose 
a design process called Improvement Design Process (IDP) that compares different types of features by using TRIZ and the 
Information Integration Method (IIM). IIM is an evaluation method, based on Shannon’s information theory, that lets designers 
compare different types of features by using a common measure of “information.” We apply this method to evaluate functions and 
costs and propose an optimizing process for improvement design so that the next target for improvement can be automatically 
selected without the requirement of any subjective inputs. We confirmed IDP’s effectiveness in a case study involving an electric 
shaver’s improvement design. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Staying competitive in today’s markets requires making lifelong product improvements, even during the product’s 
maturity stage [1]. Not only functional improvements but also cost reductions are required from the market 
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competition, which are difficult for engineers to simultaneously satisfy. Many engineers develop products through 
trial and error, thereby trying to strike a balance between the different types of features. However, this trial-and-error 
process leads to redundancy of the design and makes it difficult to compare features that are evaluated using different 
measures [2] [3].  
In this study, we propose a new design process called the Improvement Design Process (IDP) that attempts at 
realizing different types of features by using TRIZ and the Information Integration Method (IIM). On the basis of the 
concept of Shannon’s information theory, IIM, an evaluation method, lets designers compare different types of 
features with a common measure [4]. We apply IIM to our method to evaluate functions and costs so that the next 
improvement can be automatically selected without the requirement of any subjective inputs. We illustrated IDP’s 
effectiveness using a case study involving an electric shaver’s improvement design. This study borrows the practical 
design processes from our previous studies: “Practical Cost Reduction Methods based on TRIZ”[5] and “Functional 
Improvement Methods based on Expert Engineers’ Thinking Way”[6].  
2. Background of study 
Product development is categorized into three main steps: product planning, structuring design, and detailed 
design[7]. In this study, we focus on an optimizing process for improvement in structuring design . Relations between 
this study and other current studies are described in Figure 1.  
 
Fig.1Relations between this study and current studies 
Following are the issues faced during improvement in conceptual design: 
 
(1) Evaluation method 
Although many conventional evaluation methods—such as the rader chart, point rating, or the elimination 
method—have been used to evaluate items requiring different measurements, such methods are usually dependent on 
subjective inputs. The Analytic Hierarchy Process (AHP) [8] reduces subjectivity by numerically presenting humans’ 
feelings. However, AHP is costly and time consuming. The concept of value (functions versus costs) is used in several 
cases [9], but it is still difficult to compare designs using different measures, such as performance and cost. 
In this study, we apply IIM to compare these different types of features.  
 
(2)  Procedure in IDP 
In IDP, cost reduction and some of functional improvements are requested simultaneously. Engineers need to keep 
balance of these features.  Unfortunately in some cases, improvement designs fall into repeating developments as there 
is no clear design procedure to satisfy all of them.(Figure 2) 
We also propose an optimizing process for improvement design based on IIM. By comparing evaluation items in 
this method, next target for improvement can be automatically selected without personal subjectivity.  
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For the next age of innovation, new tools allowing computer-aided artifact creation are anticipated [10] and in 
recent studies, some of such formalization approaches for computer-aided tools are proposed [11][12]. We are 
assuming that this optimizing process using TRIZ and IIM  is also one of such approaches which are measurable and 
tangible. 
 
3. Optimizing process 
3.1. Information Integration Method (IIM ) 
IIM helps evaluate features requested for system optimization. In this method, all features are evaluated using a 
common measure called Information based on Shannon’s information theory. Information is defined in following 
mathematic formulas.  
Information (I) for communicating the status of feature a, which is associated with probability Pa, is given as 
follows: 

aP
I 1ln           (1) 
 
IIM expands this concept to measure the difficulties (Information, energy, or effort) required to satisfy the requested 
features in products design. The smaller the probability Pa, the more difficult it is to satisfy feature a. In IIM, the 
System Range is defined as the range of a feature in a product (or system); Design Range is defined as the range of a 
feature requested from markets or customers; and Common Range is where the System Range and Design Range 
overlap (Figure 2) . 
 
Fig.2 Probability distribution of system parameter (1)                                                  Fig.3 Probability distribution of system parameter (2) 
A higher Design Range probability density is indicative of a higher level of satisfaction with the requested product 
feature. In IIM, Information (I) to obtain the Common Range in probability Pc is used as a measure for evaluating the 
design. It is assumed that the probability density of most product features can be approximated for uniform distribution. 
Information (I) can be defined as follows if the probability density is subject to continuous uniform distribution (Figure 
3):  
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                                                       Fig.5 Optimizing procedure for IDP 
In IIM, Information (I) can be infinite when it is out of Design Range. Even if other features are satisfied with 
requested features, the design will not be selected if one of the features falls outside the Design Range. To address 
such situations, Common Range Coefficient k is proposed in IIM. As described in Figure 4, the Design Range falls 
between feature parameters a and b, and the feature parameter that should be satisfied is c. In this case, Common 
Range Coefficient k = 1, where the system feature parameter is between a and b. Common Range Coefficient k = 0 
when the System Range parameter is between 0 and c.  Common Range Coefficient k is described in equation 3 as 
follows, in which the System Range parameter is between a and c, assuming there is a small System Range with width 
w: 
 
Fig.4 Common range coefficient 
kkw
wI 1lnln             (3)
Total Information, IT, is the amount of features’ Information. IT is described as  
 
¦ iT II  (i=1…n)            (4) 
 
where the Information of feature i is Ii, and the number of features is n. In this study, IT is used as a common evaluation 
measure of the improved design. 
IIM has been used with the Nakazawa method in combination with the experimental design[13]. 
3.2. Optimizing Procedures 
Using IIM, we optimized our IDP by studying the improvement design and reducing it to total IT. To further 
optimize the improvement design, this work needed repetition until the required specification was satisfied (total IT is 
zero), or no more improvements could be found. The following algorithm describes this optimizing process (Figure5): 
 
 
 
 
 
 
Calculate total IT  
based on current design 
 
Find improvement design 
to reduce total IT 
 
Repeat until total IT is zero 
or no more improvement  
design can be found 
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4. Case Study 
We applied the IDP to improve the flexible head motion of an electric shaver (Figure 6). In current electric shavers, 
a higher level of flexibility for the shaver head is desired to better conform to the face while shaving, but without 
increasing the cost or noise level.    
Therefore, we used IIM to evaluate the selected features: noise level, cost, and flexibility. Although there are more 
electric shaver features we could evaluate, here we focus on these three because they directly relate to flexibility 
motion. 
Table 1 shows the current and requested status of each feature. Each feature value is described as a percentage, and 
the current value is 100. Flexibility motion is the total degree of shaver head motion. 
 
Fig.6  An electric shaver 
Table 1  Requested specifications for improvement design 
Parameters Evaluation items Total( IT) Cost Noise  level Flexibility motion 
System range 100 99–101 98–102 - 
Design range  105 or less 101 or less 110 or more - 
Common range probability p 1.00  1.00 0.00  - 
Information value I 0.00  0.00   
Table 2  Information value of current design 
Requested status 
Evaluation items 
Cost Noise  level Flexibility motion 
Current feature (System range) 100 99–101 98–102 
Expected feature (Design range) 105 or less 101 or less 110 or more 
Absolute feature 110 105 110 
Table 2 shows the Information value of the current status. For each Information value, Information of flexibility 
motion is infinite. Therefore, it is selected as a study target. We applied TRIZ to get ideas regarding how to increase 
the shaver head’s flexibility. From the TRIZ contradiction matrix, principle “1 Segmentation” was selected by 
assuming that “3 Length (angle) of movement object” was a feature offering improvement and that the feature “36 
Device complexity” was not. Then, improved design 1 was found by dividing the shaver head and the shaver body, 
as described in Figure 7. 
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Fig.7  Improvement design  
After each feature, value based on improvement design 1 was checked by calculating the Information value. Table 
3 shows the resulting Information value based on improvement design 1.  
Table 3  Information value of improvement design 1 
Parameters 
Evaluation items 
Total( IT) 
Cost Noise  level Flexibility motion 
System range  (or d ) 106 104 110 - 
Design range 105 or less 101or less 110 or more - 
Common range probability p 0.00  000  1.00  - 
Absolute feature c 110 105 - - 
Common range coefficient k 0.8 0.25 -  - 
Information value I 0.22  1.39 0.00  1.61 
 
As total IT is still over 0 in improvement design 1, the noise level feature was selected next because the noise level 
increased when the shaver head and shave body were divided. From our previous study[6], we applied improvement 
design 2, described in Figure 8,  to reduce the noise level. 
 
Fig.8   Improvement design 2 for noise reduction 
Table 4 shows the result of new Information value based on improvement design 2. 
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Table 4  Information value of improvement designs 1and 2 
Parameters 
Evaluation items 
Total( IT) 
Cost Noise  level Flexibility motion 
System range  (or d ) 107 102 110 - 
Design range  105 or less 101 or less 110 or more - 
Common range probability p 0.00  0.00  1.00  - 
Absolute feature c  110 105 - - 
Common range coefficient k 0.60  0.75  -  - 
Information value I 0.51  0.29  0.00  0.80 
 
 
Fig.9 Improved designĹ for cost reduction 
As total IT was still over 0 in improvement designs 1and 2, cost feature was selected next because adding some parts 
for improved design 2 increased the cost. From the TRIZ technical contradiction matrix, principle “5 Merging” was 
selected to solve this technical problem by assuming “32 Easy manufacture” was an improved feature and “33 Easy 
of operation” was a worsening feature. Improved design 3 was found based on “5 Merging” (Figure 9). 
Table 5 shows the result of new Information value based on improvement design 1, 2, and 3.  
Table 5.  Information value of improvement design 1, 2 and 3 
Parameters 
Evaluation items 
Total( IT) 
Cost Noise  level Flexibility motion 
System range  (or d ) 105 102 110 - 
Design range  105 or less 101or less 110 or more - 
Common range probability p 100  0.00  1.00  - 
Absolute feature c  - 105 - - 
Common range coefficient k - 0.75  -  - 
Information value I 0.00 0.29  0.00  0.29 
 
Because total IT is still over 0 in improvement design 1, 2 and 3, the noise level feature was selected next. However, 
no more improvements could be found, so improvement design 1, 2, and 3 were selected as the optimized design. 
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5. Conclusion and next activities 
Using IDP, we obtained a satisfactory degree of flexibility for the shaver head with a quicker development schedule 
than what is normally obtained. We assume this is because of the following reasons: 
(1) By using IIM for evaluation, let us compare multiple features with different evaluation measures using a 
common measure: “Information.”  
(2) Comparing each Information value at every step of the improvement design helped us select the next 
improvement feature 
(3) Visualizing the level of improvement can help engineers shorten the development schedule and clarify the 
target of the optimized improvement design. 
  
In the future, we plan to  
(1) Apply this IDP to more feasibility studies and update it to make it more practical, and   
(2) Apply it to new product developments, and not just improvement designs. 
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